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Abstract
AMonte Carlo study of possible background processes in a search for τ → µγ
decay has been performed for conditions of the Super c− τ factory (CTF) (at a
center-of-mass energy 3.686 GeV, 3.77 GeV and 4.17 GeV). The background from
τ+τ− events has been analysed. Selection criteria for background suppression
are suggested and necessary requirements on the detector characteristics have
been found. The CTF can successfully compete with the Super B-factory in a
search for τ → µγ decay.
1. Introduction
Decays with Lepton Flavour Violation include mixing leptons from different
generations. They were found in neutrino oscillations. There is no such evidence
in the charged lepton sector.
The decay τ → µ + γ violates lepton flavour. The Standard Model (SM)
prediction for the branching fraction is Bτ→µγ < 10−50 [1] (recalculation from
neutrino oscillation data). Extensions of the SM increase Bτ→µγ up to ∼ 10−8÷
10−10. The best experimental limit is Bτ→µγ < 4.4 × 10−8 [2] and has been
obtained at B-factories [3] (Nτ+τ− = 4.8× 10
8).
This decay is complicated from the experimental point of view and interest-
ing for the theory. It is also convenient to determine detector requirements.
2. Future experiments for search for τ → µ + γ
Two types of possible experiments exist to study the τ → µ + γ decay:
Super-B factory and CTF.
At Super-B factory the total statistics is equal to Nτ+τ− ∼ 6.9 × 10
10. A
feasibility test gives an following upper limit of 2.4×10−9 [4]. It scales as N−1/2τ+τ−
due to unavoidable background from the ISR process (e+e− → τ+τ−γ).
CTF [5] is a high luminosity e+e− collider with L = 1035 cm−2s−1 and
the center-of-mass energy from 2 to 5 GeV. The integrated luminosity is 10
ab−1 after 10-year operation (about 2.5× 1010 τ+τ− pairs). The CTF detector
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is a general-purpose 4pi detector. The main points of the physical program
are the following: studies of charmonium states, spectroscopy of states of light
quarks, physics of D mesons, physics of charmed baryons, τ lepton physics,
a measurement of the cross section of e+e− → hadrons, two-photon physics.
Background from the ISR process (e+e− → τ+τ−γ) vanishes at low enegry
(below ∼ 4 GeV). Due to this, the total sensitivity can be higher at the CTF
than at the Super-B, in spite of lower statistics.
3. Theoretical description of τ → µ + γ decay
The most general theoretical assumptions, namely; Lorentz and gauge in-
variance give us the effective function of Lagrangian [6]:
Lint = −
4GF√
2
(mτARτRσ
αβµLFαβ +mτALτLσ
αβµRFαβ + h.c.)
The angular distribution in the τ rest frame:
dB
d cos θ
= B2 {1 +Aτ→µγP cos θ},
Aτ→µγ =
|AL|2−|AR|2
|AL|2+|AR|2 Bτ→µγ ∝ |AL|
2 + |AR|
2.
The longitudinal polarization of the electron beam allows a measurement of
Aτ→µγ to be performed even in case of small statistics. It is also possible for
τ → eγ. A longitudinal polarization gives us new opportunities for background
suppression (the background from DD¯ doesn’t have asymmetry).
4. Background sources and detector requirements
The most general background sources the following: τ+τ− decays, QED
processes (e+e− → µ+µ−γγ, e+e− → µ+µ−e+e−γ), hadron continuum, ISR
processes (besides e+e− → τ+τ−γ), pile-up events, accelerator background,
D(∗)D¯(∗)-mesons decays, ψ(2S) resonance decays. The last two sources strongly
depend on the center-of-mass energy and can be reduced by selection of energy.
Here are the main detector requirements. For the calorimeter, they are high
energy resolution in the range 0.5-1.6 GeV, good time resolution for photons
(better than 6 ns), pi0 reconstruction efficiency when one photon is extremely
soft (up to 3 MeV) and high photon reconstruction in the 4pi solid angle. For
identification and track system requirements are the following: high quality of
pi/µ separation in the momentum range 0.5-1.6 GeV/c, and high reconstruction
efficiency for charged particles in the 4pi solid angle.
5. Simulation
We used fast simulation taking into account energy and coordinate resolution
of the calorimeter, a threshold of photon detection (20 MeV) and momentum
resolution of charged particles. Particle identification wasn’t simulated. Monte
Carlo search for 1.5% and 2.5 % energy resolution of the calorimeter was per-
formed.
The TAUOLA [7] generator was used for τ lepton decay simulation.
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6. τ+τ
−
background
Two types of background exist: direct and combinatorial. Direct background
is caused by the decay products of one tau-lepton imitating a signal, e. g.,
τ− → µ−+ γ+ ντ + ν¯µ and τ− → pi−+pi0+ ντ . The combinatorial background
is a process when a muon (or pion) from decay of one tau and a photon from
decay of another tau imitate a signal, e. g., is τ+ + τ− → µν¯µντ + pi+pi0ν¯τ →
µγ + pi+γsoftν¯µντ ν¯τ . This type of background depends on the decay mode of
the second (non-signal) tau.
The following parameters for event selection were used: ∆E+ > ∆E > ∆E−,
∆m+bc > mbc−mτ > ∆m
−
bc, the square of neutrino mass (for semileptonic decay
of a non-signal τ) m2rec+ > m
2
rec > m
2
rec−, the mass of µν (or µνν¯ for leptonic
decays of the second tau) system, pi0 veto.
7. Results and conclusions
Number of events (S-signal, Bpi-background from pi, Bµ-background from
µ). The total statistics are Nτ+τ− = 3.2 × 10
10 and the branching fraction is
10−9.
√
s GeV 3.686 3.686 3.77 3.77 4.17 4.17
σE
E
1.5% 2.5% 1.5% 2.5% 1.5% 2.5%
pi−ντ S 4.3 4.0 4.3 4.0 3.0 2.7
Bµ 0.9
+1.2
−0.6 5.3
+2.0
−1.5 4
+1.8
−1.3 4.7
+2.5
−1.7 1.4
+3.3
−1.1 7.1
+4.9
−3.1
Bpi 14.6
+3.2
−2.2 58
+5
−4 54± 6 164 ± 10 15.6+2.8−1.8 62+2.7−1.8
pi−pi0ντ S 9.3 6.7 8.7 6.7 5.7 5.3
Bµ 5.8
+2.7
−2.0 8.9
+3.0
−2.3 8.1
+2.7
−2.0 10
+3.0
−2.5 10.6
+3.3
−2.6 9.1
+5.4
−3.7
Bpi 21
+2.2
−1.7 100
+3.8
−3.2 26± 3 127 ± 4 32± 3 147+5−4
µ−ν¯µντ S 4.7 4.3 4.7 3.3 2.6 2.3
Bpi 20
+4.3
−2.6 82.0
+5.5
−5.0 30
+6
−4 127 ± 7 70± 8 138± 7
e−ν¯eντ S 4.7 4.0 4.3 3.0 2.7 2.6
Bpi 16± 1 74± 2.5 17± 1 101 ± 7 22± 8 108± 6
pi−pi0pi0ντ S 2.6 2.5 2.6 2.4 2.6 2.5
Bpi 7.5± 0.5 35± 1 8.0± 0.5 46± 3 10.5 ± 3.0 51± 3
pi−pi+pi−ντ S 2.9 2.7 2.7 3.0 3.1 2.9
Bpi 7.5± 0.5 35± 1 8.0± 0.5 46± 3 10.5 ± 3.0 51± 3
The total number of events at 10 ab−1 (according to scenario 1.5 ab−1 at
3.686 GeV, 3.5 ab−1 at 3.77 GeV and 2 ab−1 at 4.17 GeV; all points beyond
τ+τ− threshold) is the following: S = 20 Bpi = 95+4.1−3.5, Bµ = 8
+1.40
−0.95.
So, necessary (but not sufficient) detector requirements for τ → µγ search
are 1 per 40 suppression level pi/µ, good energy resolution (better than 2%). Full
reconstrution second tau decay (beside neutrino) it is necessary for background
suppression. The total upper limit on the decay will be about 10−9.
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Figure 1: Number of signal events (at Bτ→µγ = 10−9) for 1 ab−1 and background signal ratio
for pions, squares – 1.5% triangles – 2.5% resolutions.
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